INTRODUCTION 89
Penalver (1961) regarded for the first time Simulium metallicum Bellardi as the principal vector of onchocerciasis in the northern foci of Venezuela. Lewis and Ibanez de Aldecoa (1962) assessed the vectorial capacity of this species, as well as S. exiguum Roubaud, from their field observations. They concluded that S. metallicum was the only important vector in these regions. Duke (1970) made the experimental infection and compared the developmental potential of Onchocerca volvulus microfilariae ingested by these two blackfly species. Ramirez Perez et al. (1976) described the morphological features of O. volvulus larvae developing in S. metallicum. However, no data were available on the degree of susceptibility of this blackfly species to infection with O. volvulus in Venezuela. Apparently such information is needed to compare the vectorial capacity of S. metallicum in Venezuela with that of the same species in Guatemala or Colombia, where this species has been reported to be less important as a vector (De Leon and Duke, 1966; Collins, 1979; Ito et al., 1980; Tidwell et al., 1980) .
In the present experiment, the degree of susceptibility of the Venezuelan S. metallicum to the indigenous strain of O. volvulus was assessed, mainly by means of the proportion of third-stage larvae among all larvae recovered from the flies which survived beyond the time when larvae became infective, as well as that of surviving flies positive for third-stage larvae.
MATERIALS AND METHODS
The experimental infection was carried out in November 1982, at Guanaguana in Monagas, one of the onchocerciasis-endemic foci in the north-eastern region of Venezuela. The general information on this village or its surrounding areas was previously reported by Lewis and Ibftiiez de Aldecoa (1962) . The predominant man-biting blackfly species during the present study was S. metallicum, comprising 95 per cent of the total catches.
Wild females of S. metallicum were allowed to feed on the lower half of the legs of a human volunteer with low microfilarial density -two microfilariae per skin snip from a calf, taken with corneoscleral punch (Holth type). Simultaneously, engorged blackfly females were captured from a control volunteer without microfilariae. All these blood-fed flies were collected and maintained individually in a polypropylene tube, using a method previously described (Takaoka et ai., 1982) . All flies were kept at a temperature varying between 22°C and 28°C, dead flies being removed everyday thereafter and stored in 70 per cent ethanol solution for later dissection. The number of dead flies was recorded to compare daily probabilities of survival in the groups of flies which had fed on the infected and control persons, respectively. All preserved specimens were divided into head, thorax and abdomen and dissected in a drop of five per cent Giemsa solution on a glass slide under a binocular stereoscopic microscope. The number of larvae in each part of the body was counted and their stages of development were determined by the size and morphological features, as defined by Duke (1968) . To assess microfilarial intake, 20 flies which fed on the infected volunteer were killed immediately after feeding, and dissected using a technique by Nakamura (1964) .
RESULTS
Since wild flies were used in this study, it is possible that natural infections were mixed in the results. According to Lewis 1 (1) 3.3 (1-7)
* 1 These flies were killed immediately after feeding to assess microfilarial intake. *2 Total from days 6-11. Guanaguana area. Therefore, the rate of experimental infection shown in Table 1 was assumed to be slightly overestimated. Under a temperature varying between 22°C and 28°C, third-stage larvae were first seen in the head of female S. metallicum dying between 5 and 6 days after ingestion of microfilariae. Few abnormal and deformed larvae were observed. The development of O. volvulus larvae in S. metallicum was asynchronous, as evidenced by the fact that third-stage larvae were found in 44 per cent (14/32) of the flies harboring any stages of larvae examined on days 6-11 (Table 1) . In other words, only 41 of 117 larvae recovered during the same period were in the third stage, while the other larvae remained in earlier stages (Table 2) .
However, as shown in Table 1 , the proportion of flies with third-stage larvae among all flies positive for any stage of larvae increased from 20 to 83 per cent, with the passage of time elapsing from days 6-8 to 9-11. The proportion of third-stage larvae among all larvae recovered during the same period also increased from 6 to 69 per cent (Table 2) .
Likewise, the proportion of flies with third-stage larvae in the head augmented from 25 to 60 per cent (Table 1) ; and the percentage of third-stage larvae found in the head rose from 25 to 54 per cent, as the time passed from days 6-8 to 9--11 (Table 3) . 
The average length of four third-stage larvae measured was 474.2 pm (range, 462.7-498.9 pm), and the width, 18.3 pm (range, 16.6-19.2 pm). The relatively small size of the third-stage larvae is probably attributed to the high temperature under which larval development took place, and the fixation of samples.
The average number oflarvae per positive fly examined on days 6-11 was 3.4 with the range of 1-19. And, those of third-stage larvae in any part of the body and also in the head per positive fly were 2.9 (range, 1-11) and 3.3 (range, 1-7), respectively (Table 1) . These numbers were slightly smaller than the corresponding one observed for microfilarial intake (average, 4.5 and range, 1-10) ( Table 1) .
The daily probabilities of survival in the group of flies which fed on the infected volunteer are shown in Figure I , together with those in the control group. Within 24 hours of feeding, no marked mortality was observed in both groups. This is probably due to the scantiness of ingested microfilariae. Moreover, there was no difference in the daily survival rates during days 2-11 between the two groups ( Figure 1 ). Duke (1970) has pointed out that S. metallicum in Venezuela differently behaves as a vector of onchocerciasis, as compared with the same species in Guatemala. In fact, the apparent difference has been observed with regard to the preimaginal site and the host preference. In Venezuda, S. metallicum breeds in small streams, and shows a strong anthropophily (Lewis and Ibanez de Aldecoa, 1962), while this species in Guatemala utilizes a wide range of watercourses as a larval site, and prefers animals to man for feeding (Dalmat, 1955) . Further, there seems to be a slight difference in biting preference for the site on human body. According to Duke (1970) , S. metallicum in Venezuela has a strong predilection for the lower parts of the body (96.5% of the total catches), whereas the same species in Guatemala bites the upper parts as well as the lower ones (26% vs. 74%), However, it remained unverified whether there is any difference in susceptibility of this blackfly species to infection with the indigenous strain of O. volvulus between the two countries. This was mainly due to the lack of data on the degree of susceptibility of S. metallicum in Venezuela, although experimental infection studies have been made by Duke (1970) and also by Ramirez Perez et al. (1976) .
In this context, the present experiment was performed, and it demonstrated that the development of O. volvulus larvae was asynchronous, as reported in S. metallicum in Guatemala (De Leon and Duke, 1966; Collins, 1979 ; Ito et al., 1980) . Namely, an overall proportion of the third-stage larvae among all larvae recovered throughout days 6-11 was 35 per cent, the remaining larvae being still in earlier stages (Table 2) .
It is, however, noteworthy that although retarded in development, 69 per cent of the larvae found on days 9-11 had already completed their maturation to the infective stage ( Table 2 ). The proportion of third-stage larvae among all larvae recovered on days 8-10 in the Guatemalan S. metallicum was 26.3 per cent by Collins (1979) and 53.6 or 64.0 per cent by Ito et al. (1980) . The low rate reported by the former author was probably due to the low temperature condition fluctuating between 16°C and 25.5°C under which flies were maintained. However, it is interesting that even the relatively high rates reported by Ito et al. (1980) are slightly lower than 69 per cent observed in the present study, in spite of the fact that the maintaining temperature (constant 25°C) used by Ito et al. (1980) was more stable and suitable for larval development than the condition used in our experiment. Moreover, the rate of third-stage larvae moving to the head (29.5%) remarked by Ito et al. (1980) seemed to be very low, as compared with 54 per cent in our result ( Table 3 ), suggesting that the probability of infective larvae eventually invading man is higher with the Venetuelan S. metallicum, than with the Guatemalan one. When the difference in the temperature condition in experiments is taken into account, this could be a reflection of the difference in degree of susceptibility of S. metallicum to the indigenous strain of O. volvulus between the two areas.
Further, abnormal and deformed larvae were rarely seen in the present experiment. This is in marked contrast to the observations made in the Guatemalan S. metallicum, in which such larvae were frequently encountered (De Leon and Duke, 1966; Collins, 1979; I to et al., 1980) . In our study, the decrease in number of the microfilariae ingested by S. metallicum during the migratory and developmental phases was inconspicuous. The average number of third-stage larvae in any part of the body and in the head per positive fly (i.e. each 2.9 and 3.3) were only slightly smaller than that of microfilariae ingested (i.e. 4.5). This may reveal a good adaptation of the parasite to the Venezuelan vector.
It is suspected that flies which had ingested more microfilariae may have died earlier than the other, as the infection rate, as well as the average number of larvae per positive fly during days 1-5 (Table 1) , was somewhat higher than those attained during later periods. However, it seems to be the rule that survival of female S. metallicum is scarcely affected by the presence of the parasite therein, if small in number. As many as 11 third-stage larvae were found in one fly examined on day 10.
From the findings mentioned above, it is likely that apart from the difference in the host feeding preference and the preimaginal habitat, the Venezuelan S. metallicum somewhat differs from the Guatemalan one even in susceptibility to the indigenous strain of O. volvulus.
On the other hand, Tidwell et al. (1980) , from the experimental infection study in Colombia, reported that out of 206 larvae in S. metallicum examined on days 7-13, 25 per cent were abnormal, 69 per cent had not developed beyond the first stage and only 10 per cent had reached the third stage. Engorged flies were kept at a temperature varying between 22°C and 27°C, being almost the same condition as used in our experiment. Their results suggest that the susceptibility of S. metallicum in Colombia to the indigenous strain of O. volvulus remarkably differs from that of the same species in Venezuela.
In conclusion, the relatively high susceptibility remarked in our experiment, in combination with the predominancy and the high anthropophily (Lewis and Ibanez de Aldecoa, 1962), may explain why S. metallicum plays a major role in transmission of onchocerciasis in the northern areas of Venezuela, unlike in Guatemala and Colombia.
